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A BSTRACT

This document presents the result-s of the reliabiliLy

testing performed on the C-4453/AI'Q-lO0 and C(6410/APQ-109 Radar

Indicator Control Units (iCUs)- This ts.t waS in support Af Lhe

Rivet Haste II program ad an cssctial part of the F-4 firu cntrol

system's Increased Reliability 01 OpOrat iolll Svs L,' (IOS)

program.

The reliability Lest was organically performed by the 00A%,2{

Service Engincering Division ilt Hlil AFIB, CLtah1
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1.0 INTRODUCTION

1.1 GENERAL

This report has~ he..n prepar,.'d to describc the resuiLS of Hie

reliability testing performed on th~e C-4453/APQ- 100 Radar Indicator

Control Unit (iCU). Due to the similarity between thle C-4453 and

C-6410/APQ-109 ICUs , and since thle pCoposed Modi ficationl is ti1u Same

for both units, only thle C-4453 ICU was tested, Testing of it

C-4453 ICU was accomplished from 21 Sep 1972 thlrough 20 Oct 1972 by

OOA111 Scervice Engineer ing in tile We-aponls GU idane 1-ng. necrinlg ics t

Facility at Hill AFB, Utah.

1.2 TLST OBJECi'IVES

The )bjeCtive of the tustinlg Was Lu !SLabliSli a reliability j
baseline fL the unmodified un1its and compare this baseline with that

of the modified units. Tihe LeSt objectives briefly Sttd uare:

(1) To determine the accep tance/rejec Lion of Lt proposed

reliability, improvemt1 of the: mo(Iiiicat ion-S out lined

in OOA~t% Servic 1ngineering Recport TR-MME~rR/RM-72-102,

operating tile DOD with Less Moixev and Les : Manpower.

The determinat ioi ;11 be in accordance with paragraph

2.3 of OOAMA Reliability Test Plan, TP-1MD11R/RM-72-108

(see Appendix C). 'Fhe accept/reject criteria fur

the test w4ere constructed utilizing the statistical

properties of the F-distribution.
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(2) To establish a reliability baselin-u for the unmodified

ICUs. The establishment will be accomplished using

the chi-square distributiol for conli deuce.

1.3 APPLICABLE DOCUMENTS

The following documents, of th exact issue slinto were applicable

during the reliability test.

TP-HNER/RM-72-108 OOfk\ Reliability Test Plan, June 1972

MfL-STD-781B Reliability Tests: Exponential DistributioL.

Notice 1, 15 November 1967

T.O. 12P2-2AI'Q-2-4 Field Maiitenancu Iutructions

Radar Set, Type AN/APQ-100, Vol. IV

(Westinghouse) -F14C. Change 7,

I l'etruary 1972

T.O. 3303-12-172-1 Operator and Service InstrucLions with IPB -

indicator and Indicator Control i -st

SLation, , N 4011R507G01 (We tinghousc)

(Conf - Gp 3). Change dIted I June L969.

1-7120605 Inspection Test Procedures ,for Indicator

Control and Semi-ComposiCe of Indicator"

System tor AN/APQ-100 (Westinghouse).

Revision 1, 6 January 1965.

T-712603 Inspection 'est Procedure for B-Gun Circuitry

for AN/APQ-100 Indicator Control (Westinghouse).

15 June 1965

2

L.7
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T-712602 Inspection TeSL Procedure for A-Gun Circuitry

for A%,'/APQ-100 Tndicator Control

(14CS t111glIOUS e) Revision Hi, 1.8 June 1.965,

3
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All the test objectives were met during the reliability Lest.

The modified units experienced eleven (11) relevant failures in

241.36 cumulative operating hours. The testing of the units was

terminated after the tenth failurt w:is verified, however, the testing

was continued during the verification analysis and another failure

ccurred. Two nonrelevant failures also occurred on the miedified

units.

The unmodified units experienced seven (7) relevant failures in

248.41 cumulative operating hours. The unmodified units did not e:Xperitence

a nonrelevant failure.

In total, twenty (20) failures occurred during the reliability

test. Thirteen (13) of these attributed to the modified units and

seven (7) attributed to the unmodified units.

4
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3.0( CONCLUS IONS /RLCOD-NA F1 )NS

3.1 RELTABILITY IUROEMM

The reliab ility rkvqu i cret. t. l ii t 1 p ropos ed mod ificat ion wi j-

minimuim acceptable improvvmvint fatctLol Of i3.6. A t oLAl of'eIev' (I-])

releVantL failures oin Ohe modified unl t S anld S CVL' (") r luvaolL fatilures

on the unmodi fied uni LS il '241,"30 aud 248.41 rv;!per Live_ hont 5 Ofi C1111lRI

lative operating time is siitfivivnt to reUJeCt Li~ proposed modification.

The proposed rm'.' ii cat ion dot:, not eet. t hc r ii ability rc.qu ireinull

The actu,, dull! 11SLt atcd impr0VeMVe. fac.'tor , atr a1 90 Pert tntt

sided confidenco "X.\'cL, iS 'itieLen1 0.2f) and 1.32. In other words, it.

can be said .4ith 90 percent COn I id ic C' that, LhU~ MIA 11! it' MeI i e

units is 3L. least 0.26 and nlot- more thanl 1.3-2 Limu; LhaL Ofi 1t2 ill-

modified units.

5, 2 ULIABILITY L.ASEL.JNE

The unmodified (standard configurarion) uiit' , pri;e

seven (7) relevant failures in 248.41 CnMo t1t iVC Opc.l~ain8 ),,Urs.-;(

At the 90 percentL two-in5d~d COnfidClI- L' Cltis rkesuLS inl a r

between 20,98 hours and 75.61 hours. Ini other \,%ords, it, anl be said

with 90 percent con fidenlce that. the MIBF of the unmTOdil iid units is

at least 20.98 hours and not. grezater than 75.61 h1ours.

L hd fo:ling:5: ervtzion and/or rc.:om ,-dations are provided
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(1) The proposed modi f iCaLtiln does no0t provide Lie1 required

reliability improvement. Incorporat ionl of this 11iodif Cttion is not

ieconmended.

(2) Tempera Lure sens i t i vi t v was a con Li mini1 prohle dur10 in g t01v

test. In most caseS Lids seIist ivi LY created margi nal colid!I L iOTIS vili

returned Lo normal at am!'I it tL-mtuperain vt- 'I Ir!' weC ri I rl' I' van.,

failures which were direct!lvy t c ILe-:HLd L o iILaIt pb cr'. it ft' recomlnded

that anl enginee-rkng inves Li gall on I-( ilI i i tLee i . :;i1uc~ ctI

operational. LtTrUratUl-c roxi ,'iwn ii ':lr. I](.i rivlar

operation.

(3) Apprnxi\rCiLv% 70 percnt o!tl-cY iicldiiire i':

ac: ionS reportLcd tnltin.' IC:' are adjun Went IlS * III, Le.st Lttlures M~

all caLaSLtropcIic coMOInUne t'' I ILIures u'i L ii no ct j LI s t1nC i1 "L a i In Irk-, 'one L'I cc

Du.: ing teStinlg, Llxt ICUS 'Wec t!-pos tOC ' 1  irLi TI andt. 'LeInIpe1 L I'o

cycling, however, the liipLI s 1sukre- hLL 4LSi + I' Of cLh-i'.'OWliII.I ,I iLl;

It thierefore appears that, tueL ad iLlstmnet Lc filure:s 'iiit Lis' i cki, Ire' title

to systern instabilityV or SM I cLii i;!LCIgru~ioin problemsL; 1 L is iuo~ii S ~

that es L.ig be cunduc ted on1 tite entire raa '';Len Le!cvck o

ins tabi litv' from1. oneV line replaceabte nvt (!;,L) i0 Llsm0t!;,eI r'and tOc''.'

for systLem integrat.ioni probleust

6 '
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4.0 TEST DESCRIPTION

The following comments are provided to describe the testing

accomplished.

(1) Testing was accomplished in accordance with MITL-STD-781B,

Test Level E, and OOAMA Reliability Test Plan TP-MMER/

RM-72-108, dated June 1972 (see appendix C).

(2) Specimens for the test included a total of seven ICUs.

Three of these units were sttidard configuration units

overhauled by depot livel maintenance. The remaining

four units were depot overhauled units modified to incorporate

the proposed changes. Six units, three moditied and three

tur.odified, were under LeSL at ,nC time.

(3) A temperature survey was performed in accordance witU

1aL-STD-781B, paragraph 5,1.5, at the limits OL the temperature

cycling (-54 C and +55 C) to determine the time required

to stabilize the component of greatest thermal inertia.

Temperature sensors mounted on the ICU chasses were used

to determine thc actual temperature of the units. A total

of 62 minuLs was found sufficient to cool the equipment to

00
a temperature of -54°C +2 C from an initial room ambient

temperature. With the equipment operating and the chamber

heating, a total of 46 minutes was found sufficient to obtain

0
a stable equipment temperature of +55 C. An additional

7
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120 mlP.,utes of operation was conducted in this mode. With

the equipment still operating atid the clwxmber cool ing,

ai total of 40 miniutes was found sufticient Lo returni the

equipment temperature to room amiiiciL. Cousidt.rilig a 5

minute warm-uip ~c-ri od dfc CLU ur-on at tOW c,1d t('npvra tn lrc

!X trcMe, otnc complet LteS I c yeIc req iti re 271i nIt

(4. 55 hours ) of wli i li 206 inuteii-s (1.4 1wiis) wust, valid

cquipmeiit 'on-time''. \0 L1Iironmr a! dt.ii. 111- si-Ppi id I

the test spe.cimnens during t he LVMpra Lurec survey oc tlii

actual tcSL.

(4) A vi brat imn survey was pert orinke ini iccordaic, -l

MiL-.,l1)-781 H, onragrapli 5-.6, in ordker Lo lii-ILI IV \I 1)T-

resonantL trequcncv, betwcui, () art! 60 iizatwic Wil, ii'

during thiu 4IS vsIwouldI bt, etndUc :Led AC Ce L' run OI r'I I-
the iid ividu il ICh s pe ri itd thli allp! itt:d e to bv won itorud.

Ont, rcsullatt poluiL was dI.LUICted mid p1 aced at~P aVt\ MIrL I\

30 Htz. i his was dct-k Utli ned Lo be, a tcsoiO I rcqiL-I!%:v

for rteu shock so IlUoys hi.'twt'enii th ca i.L aiidl rt i r has s Sj

During tile actutal condtic I oL thelk tt , Jiv ,hakcr tI..b IL was

adju:i ted r.u proJducc a inorAiz1~I LreqneLiVeICL OL 30I:Z Wid ",i I)Ceak

acculuratiou of 2.2G+ 0.2c; iiiiastirid a,, the Icu miounts.

The shaker tabin provided vibrationi onIy iiin avcrtical

axis, however, the test spcimeniS were mou;ited such that
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one of the modified nr.d unmodified units was oriented in

each of three rectangular axes (see Figure 2, Appendix C).

(5) Simulated power and signal inputs were provided in each

test specimen by use of laboratory test equipment. All

inputs were maintained at +1% of their nominal values.

The inputs were distributed and controlled through two specially

designed switching panels. A mode switching panel provided.

control of the inputs required for each mode of radar

opera Lion. A power/signal 'r,,itching panel provided control

of the inpiitt, to vach individual test specimen plus master

control of all inputs. The later panel provided the capability

Lo .shuL down one test specimen in casv ot a failure without

interrupting the inputs to Lhe other specimens or shut

down al. inputs in ci;k o, ant etrgenlcy.

(6) The IClI otzplfi. were monitored bi, using a single set of

aettia l a ircralt rdar idicator.;. One- st of radar indicators

iS 0W ObsCerVVr (R() ind ic.itor and onc pilot indicator. Over-

lays were con)structed to Lit ov-r the display tubes on the

indicators and Loleuatict- bands werc marked on the overlays

for each display symbol. The. Lolerance bands were deter-

mined by the allowable deflection from the nominal position

(inches deflection) for each symbol as specified in the

applicable documents (see Figure 1). A specially designed

9
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switching panel allowed eachi ICU to be monitored indivi-

dually by the single set of indicators.

10
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5.0 RELIABILITY ANALYSIS

I

5.1 RELIABILITY DATA

Table I contains a complete listing of the relevant failures
I

that occurred on the modified units during the testing. Table II

contains a complete listing of the relevant failures that occurre ,

the unmodified units during the testing. The "Report No)." corresponds

to the failure report number contained in the listing of all [ailures

in paragraph 6.3. 'he "CumuLatiV Tcst Hours" reLers to cumulative

equipment "on-time".

IABLI: I

CumlatLive
allure No. Report No. Test I ou: S

1 003 3U.42

2 004 50.35

3 005 96.58

4 0O0 101.59

5 008 106.34

6 011 114.76

7 012 116.76

8 015 164.40

9 017 186.41

10 018 191.42

11 019 206.66

Ii
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TABLE II

Cumulative

La.lure No. Report No, TetHurs

I 002 8.01

2 007 110.10

3 010 114.10

.4 013 123.99

5 014 123.99

6 016 176.19

7 020 244.0l7

5.2 IMPRO rUIN" FACTOR ANA LY; S

The reliability requirement lor the proposed modification was

a minimum acceptable Improvement factor of 3.b. \ tLotal o II relevant

failures on the modified units and 7 r.levant failures oi the unmodified

units in 241.36 and 248.41 respectLive hours ol cumulative operating

time Is sufficient to reject the proposed modification for not meeting

its requiremei t.

The actual demonstrated imprvemut Lactor at ti, 9u;, Lwo-sided

confidence level is calculated using tLhe 1-distribution. For t|Iis

Lest, truncation was accomplished on Linye for the modified units and on a

failure for die unmodified units. The applicable mathematical equation

for calculating confidence limits is as follows.

n F

02  62  2r 2 2(r + 1)

12
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NTBF point estimates: 01 02
ri r.

Definitions: 01 - true MTBF of modified units

02 - true MTBF of unmodified units

T1 = total operating time on modified units

r - total relevant failures on modifie(. units

T2 = total operating time on unmodifLed units

r.,= total relevant failures on unmoditied units

Reliability test results:

- 241.36 and r 11

T = 248.41 and r, = 7

Therefore, 01 = 21.94 and 02 = 35.49

Improvement factor point estimate = - - 0.62
tU2

From Cumulative F-Distribution Tables

Prob [0.424< F14,24 2.13] =0.90

Therefore Prob [(0.62)(0.424)-: 1 , (0.62)(2.13)] 0.90

Hence, the 90% two-sided confidence limits on the true improvement factor

are
01

0.26 < 01 < 1.32
2

In other words, it can be said with 90% confidence that the MTBF of the

modified units is at least 0.26 and not more than 1.32 times that of the

unmodified units.
13
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5.3 MrBF BASELINE ANALYSIS

The reliability testing of the unmodified units resulted in
7 relevant failures in 248.41 cumulative operating hours. The demonstra-i

ted MrBF at the 90% two-sided confidence level is calculated using

the chi-square distribution. The failure truncated mathematical

equation for the confidence limits is as follows:

2T2 2To,

X. 2r - ,

2

The Lerms 02, T2, rr, are the same as in tile preceding section.

The remaining terms are defined as follows:

a = acceptable risk- 0.10

i- = confidence level 0.90

X2 , 2r2 = x percentage point of chi-square distribution

for 2r degrees of freedom
2

2(248.41) < < _(248.41)

23.685 - 2 -- 6.571

Hence, the 90% two-s-ited confidence limits on the true "G:B" of the

unmodified units are

20.98 < 62 < 75.61

14

at -. a -.-- 7.-
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In other words, it can be said with 90%. confidence that thL ~41BF or the

unmodified units is at least 20.98 hours and not greater than 75.61

15
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6.0 ENGINEERING FAILURE REPORT SUMMARY

6.1 FAILURE CRITERIA

The following was used as a basis for determining wdhether a failure

had occurred during the reliability test. The determination of whether

the failure was relevant or nonrelevant was accomplished according

to the guidelines of section 5.4 of the Reliability Test Plan (see

Appendix C). The same failure criteria applied to both the modified

and unmodified units.

(1) Each ICU must maintain operation within the specified limits

during the operating portion of tl,, t(St cycle. Satisfactory

operation is detcrminec by the display symbols remaining

within the tolerance bands provided on the display over-

lays on the monitoring indicators (see Figure 1,

Section 4.0).

(2) A symbol that remains within one-eighth of an incl, of the

specified tolerances will be considered a marginal corxition.

(NOTE: Extreme temprature sensitivity experiencted during

the initial phases of the to.S program necessitatvd the

definitions of the margilnal case. During Lhe tempvrature

cycling, the marginal COlldLciOll was experienced frvquntly).

(3) A symbol must renutin outside the tolerance limits for the

entire operating portion of a test .ycle. If a symbol

16
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drifts into marginal condition and then drifts back

before the end of the cycle, the occurrence does not

constitute a failure.

(4) Satisfactory operation must be achieved immediately follow-

ing the maximum 5 minute warm-up.

(5) Satisfactory operation must be achieved as presented on

both the RO indicator and pilot indicator.

6.2 FAILURE REPORTING FORM:[

Each of the failures experienced during the reliability test

was analyzed and is reported in the following format.

UNIT: This is the unit number. The note in parenthesis indicates

unmodified or modified unit.

UNIT HObRS; This is the hours of unit "on-time" for the failcd

unit from the time of the last failure on that unit or from

the initial start of testing.

CUMULATIVE HOURS: This is the total hours of "on-time" for the test

specimens. Unmodified and modified times are accumulated

separately.

SYMPTOiS: The indication of malfunction as observed by the test

personnel.

ANALYSIS: Explanation of the cause of failure.

CLASSIFICATION: The relevancy of a tailure as Jointly agreed upon

by OOAMA/M,4ETA, MEEA, and MMERR personnel.

17
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6.3 FAILURE REPORT LISTING

The following failure reports are listed in ascending failure

number utilizing the format of paragraph 6.2.

Failure No. 001

UNIT: #5 (modified)
UNIT HOURS: 2.67
CUMULATIVE HOURS: 8.01
SYMPTOM: No "B" sweep on RO indicator
ANALYSIS: Poor connection on circuit card A3724.
CLASSIFICATION : Nonrelevant.

Fallure No. 002

UNIT- l2 (unmodified)

UNIT HOURS : 2.67
CTULATI%1E HOURS: 8.01
SYlr o1: No expanded sweep on both indicators.
ANALYSIS: Capacitor C373b on chassLs assembly

ruplacud. Open circuited.
CLASSIFICATION: Ro Iv n t

Failure No. 003

UNII: i4 (modified)
UNIT HOURS. 10.25
CU.LLATIVE HOURS: 30.42
S\ Y Mt: No scan on RO indicater
ANALYSIS: Replaced tube V4 on circuit card A3724.

CLASSIFICATION: Relevant

Failure No, 004

UNI': ii6 (moditied)
UNIT HOURS: 17.59
CU9JLAIIVF HOURS: 50.35
SY74t'OMS: No range rate gap on buth indicators.
ANALYSIS: Heat prohl(.mz on circuit %.'rd A3709.

Particular sensitive comp .nent (s) could
not he isolated. Circuit card replaced.

CLASSIFICATION: Relcvant.

11
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Failure No, 005

UNIT' #6 (modified)
UNIT HOURS: 14.63
CUIMULATIVE HOURS. 96.58
SYMPTOMS: 200 mile range bad on both indicators
ANALYSIS: Replaced transistor Q9 on circuit Card A3717.

Collector-to-base open.
CLASSIFICATION: Relevau t.

Failure No. 006

'UNIT: #6 (modifid)
UNIT HOURS: 1.67
CUHJL,\TIVE HOURS: 101.59
S\YP' 'O!r : Rangc, rate g-ip tissinig on bth indic,,Ltr,.
ANAIAS IS HcaL pri)bht' , ci rc ,it card A3709.

Particuilar seunsiti, , componvn (s) co,,]d
not ie isol.ated- Circuit card rep tbtd.

CLASSIFICATION: Relevan t.

Failure No, 007

UNIT: 03 (unmodified)
UNIi i;OURS: 36.81
CUMULATIVE IIOURS: ]10o1
S Yij MOS" No range rate circle on both indkch.o:s.
ANALYSIS: Replaced transistors Q8 and Q9 on cIrcuit

'ard A3706. Botni transistors ,p,.n
vol ector- Lt- bas e.

CLASSIFICATION: ReI vai1.

Failure No. 008

UNIT: 5 (modi I ed)
UIT HOURS: 13, 81
CU.MI ILATIV[: hlOL:R-S : I O . 14
SVf7IOL. : Nt ran I - rI t v c i r -t. ,ni both I idi ,to 1s
ANALYS IS: Replaced tubes V3 and V4 01n Ciruit t ird A37;07
C L\S S I F ICATION. Re evan t.

Failure No. !20

UNIT: #6 (modificd)
UNIT HOURS: 2.25
CUMIJI 'IIVE HOLRS: I08..31

19
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_-SYMPTOH: No range rate gap on both indicators.

ANALYSIS. Heat problem on circuit card A3709.

Circuit card installed after Failure No. 006
was a previously failed card. Card replaced
with good item.

CLASSIFICATION: Nonrelevant

Failure Nc. 010

UNIT: -'I (unmodificd)
UNIT HOURS: 38.81
CLI UNLATIVF HOURS: 114.1
SYMiPTOMS" No "B" sweep on both indicators.
ANALYSIS. RipLaced transibtor Q9 on circuiL card A3712.
CLASSIFICATION: Relvant

Failure No. 0-A

UNI P f6 (modi tiud)
UNIT HOURS: 1. 731

CUMfJLATIVE HOURS: 114, 76
S \MT0,1; : No "B" sweep on RO indicator.
ANALYSIS: Replaced tubc VI on circuit card A3724.
ClAS SIFICAT ION: Re I evan t.

Failure No. 012

UNIT; -.4 (unmodified)

UNIT HOUKS: 29 39
CUMAVI I VE HOURS: 116.76
SYi'POMS: No break "X" on both indicators

ANALYSIS: Replaced relay K3702
CLASS IFICAT I0,'i : Rel'vant.

Failure No. 013

UNIT: #2 (unmodsified)
UNIT HOURS: 41.22
CU!'SJLATIVE HOURS: 123.99
SYMPTOMS: No range rate circlc on both indicators.

ANALYSIS- Replaced transistor Q4 on circuit card A3703.
CLASSIFICATION: Relevant

20
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Failure No. 014

UNIT: #2 (unmodified)
UNIT HOURS: 41.22
CUMULATIVE HOURS: 123.99
S',MPTOMBS: No ASE circle on both indicators
ANALYSIS: Replaced transistor Q8 in circuit card A3706.
(Note: This failure was determined independent of No. 013).

Failure No. 015

UNIT: #5 (modified)
UNIT HOURS: 19.57
CUMULATIVE HOURS: 164.4
SY'LIPTo: No "B" sweep on pilot indicator
ANALYSIS: Replaced Lube V4 on circuit caid A3723
CLASSIFICATION: Relevant

Failure No. 016

UNIT: #3 (unmodified)
UNIT HOURS: 23.32

CUMULATIVE HOURS: 17b.19
SYMiIONS: Range rate gap missing on both indicators
ANALYSIS: fleat problem in circuit card A3709.

Particular sensitive component(s) could not
be isolated. Card 'eplaced.

CLASSIFICATION: Relevant

Failure No. 017

UNIT: #/4 (modified)
UNII HOURS: 23.58
CUMULATIVE HOURS: 186.41
SYMPTOM: Aim dot port limit bad.
ANALYSIS: Replaced capacitor C3718 on chassis assembly.
CLASSIFICATION- Relevan,.

Failure No. 018

UNIT: #4 (modified)
UNIT HOURS: 1.67
CUMULATIVE HOURS: 191.42
SYMyI'OMS: No "B" sweep on both indicators
ANALYSIS: Replaced tube V1 on circuit card A3724.
CLASSIFICATION: Relevant
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Failure No. 019

UNIT: 4#5 (modified)
UNIT HOURS: 12.42
CUMULATIVTE HOURS: 206.66
SYMPTOMS: No "B" sweep on both indicators.
ANALYSIS: Replaced resistor RI on circuit card A3724.

Resistor opened,
CLASSIFICATION: Relevant

Failure No. 020

UNIT: #3 (unmodified)
UNIT HOURS: 19.18
CUMUIATIVE HOURS: 244.07
SYMPTOMS: Vertical deflection bad on both indicators.
ANALYSIS: Replaced capacitors C3718 and C3719 on

chassis assembly.
CLASSIFICATION: Relevant.
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ENGINEERING TEST EQUIPMENT

The following contains a listing of test equipment used to conduct

the reliability test on the C-4453 Radar Indicator Control Units.

A block diagram representing the actual test set up is contained

in Figure 1.

Power Inouts

1. Three +250 VDC Power Supplies, Hewlett Packard, Model 895A.

2. One +300 VDC Power Supply, Hewlett Packard, Model 6448B.

3. Two 0-20 VDC Power Supplies, Hewlett Packard, Model 6286A.

4. One 0-60 VDC Power Supply, H1wlett Packard, Model 6296A.

5. Aircraft Power Generator, type MC-l, Standard Air Force AGE.

S i~nal Inputs

1. One Pulse Generator, Hewlett Packard, Model 214A.

2. One Pulse Generator, Hewlett Packard, Model 222A.

3. One Standard APQ-100 Scan Pattern Generator, P/N 600R325G01.

4. Standard II5VAC laboratory power (transformed as required).

5. Type MC-I, Aircraft Power Generator (transformed as required).

Test Chamber Equipment

I. Environmental Chamber, Thermotron, Model F-144-CHV-25-25-

25-25.

2. Shaker Table, Marshall, Model 211.

3. Chart Recorder, Honeywell, Model 152.
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4. Temperature Controller, Honeywell, Model 7284C.

5. Tape Command Unit, Thermotron, Model 1970.

6. Productsaver. Thermotron, Model 1970.

7. Vibration Monitor, L.A.B., Model 382A.

Vibration Survey Equipment

1. Accelerometers, Endevco, Model 2203.

2. Charge Amplifiers, Endevco, Model 2640.

3. D. (.. Amplifiers, Dana, Model 3400.

4. Test Oscillator, HewleLt Packard, Model 651A.

5. Voltmeter, Hewlett Packard, Model 400D.

6. Strobotac, General Radio, Model 1531.

Thermal Survey Euipnment

1. Sensors, Rosemount, Model 118G.

2. Indicator, Rosemount, Model 431E.

Output Monitoring Equipment

1. Standard APQ-100 Radar Observer Indicator, Type IP-676.

2. Standard APQ-100 Pilot Indicator, Type 1P-675.

3. yoe MC-l, Aircraft Power Cenerator.

Switching Equipment

1. Mode Switching Panel, specially constructed.

2. Power/Signal Input Switching Panel, specially constructed.

3. Output Switching Panel, specially constructed.
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. --E.ERlNG TEST LQG

21 en Finalized thermal cycle times.

22 Sep Finalized test procedures for making system checks.

.25 Sep Lost freon in chamber cooling system. Freon leaked through ...

relieve valve due to failed timer diode. Caution to be taken

that water tower power is on before starting a cooling cycle.

There is no interlock in system and no reset light will

come on.

26 Sep Test down for chamber repairs.

2 Started final alignment of ICUs to pass test specifications.

Range symbols are noisy cau3ed by lead length distorting

the B-Gun deflection. PPI scan is narrow due to lead length.

These problems will have to be compensaLed for.

28 Sep Continued ICU alignment. It is noted that there is drift

as the symbols are being set up. In the time it takes to

set up all six ICUs, the drift occurs in one or more of the

ICUs during the set up procedure.

ICU #4 has A-Gin collapse. Unit removed from chamber and

installed on mock-up. Checked ok. Unit returned to chamber

and checked ok. Cause of problems unknown.

29 Sep Problem with ICU #4 again. Unit rechecked ok. Finished

alignment of all six units.
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2Oct Started first test cycle.

ICU #5 - "B" sweep missing on RO indicator.

-Unit removed from chamber and installed on mock-up. Loose

connection found on card A3724 (Report No. 001)

ICU #4 - Lost BIT 3 presentation. Wire 3703/N found broken

-on indicators.

ICU #3 - "B" sweep leihgth drifting on RO i,Jdicator. Re-

adjust A3723/R14 for nominal value. Failure criteria marginal.

ICU #2 - A-Gun drifting co left and expanded sweep bad.

Replaced C3736 (installed backwards) and readjusted A3701/R3.

(Rcport No. 002).

Total run time - 3 hours.

4 Rct Cycle #2 - No problems encountered with total run time of

3 hours.

Cycle #3 - Problem with ICU ;i. Loose board A3717. Run time,

3.17 hours.

5 Oct Cycle #4 - Problem with TC11 #4. Scan problems with PPI

and RMAX/RMIN. Replaced board A3724. (Report No. 003)

Run time, 3.17 hours.

Cycle #5 - No problems encountered with run time of 3.25 hours.

6 Oct Cycle #6 - Problem with ICU #6. No range rate gap. Replaced

board 3709 (Report No. 004) Run time, 3.17 hours.

Cycle 47 - No problems encountered with run time of 3.97 hours.

B3



TR-MMER/RM-73- 117

.9 Oct Problem with MC-I generator., Switch to gasoline standby

.generator.

Cycle #8 - No problems encountered with run time of 3.33 hours.

Cycle #9 - No problems encountered with run time of 3.08 hours.

Cycle #10 - No problems with run time of 3.17 hours.

Chamber displaying small stability problem during hot cycle.

10 Oct Cycle #11 - Problem with ICU #6. 200 mile range out. Replaced

board A3717 (Report No. 005). Anotner problem with ICU #6.

No range rate gap. Replaced board A3709 (Report No. 006). Run

time 3.25 hours.

Cycle #12 - Problem with ICU 46. No range rate circle.

Replaced board A3706 (ReporL No. 007). Problem with ICU #5.

No range rat circle. Replaced board A3707 (ReporL No. 008)

Problem with ILlU ;1b. No raungv' rtLe gap. Replaced board A37 0 9

(Report No. 009).

Problem with ICU #L. No "B" bW. .p. Repl.ed board A3712

(Report No. 010).

Chamber still displaying instability at high temperat.ure.

Run time, 3.42 hours.

11 Oct Cycle #13 - Problem with 1U #6. No "B" swvep. Replaced

board A3724. (Report No. 011).

B4
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-Problem with ICU #4. No break "X". Replaced relay K3702

(Report No. 012)

Problem with chamber control. Units were operated additional

hour because of malfunction. Test shut down to fix controls.

Run time, 4.16 hours.

12 Oct Cycle #14 - Problem with ICU #2. No range rat-! gap. No

range rate circle. No ASE circle. Replaccd boards A3703

and A3706. (Ruport No. 013 & 014). Realigned TCU #t2

Run time, 3.12 hours.

13 Oct. Cycle #15 - No problems eniountcrcd with run Li'.% of 3.87 hours.

Cycle #16 - No problems encountered with run Lime of 3.67 hour,.

16 Oct Cycle #17 - No problems encountered with run time of 3.5 hours.

Cycle #18 - Problem with ICU 46. No "B" sweep. Replaced

board A3723 (Report No. 015)

Run time, 3.75 hours.

1.7 Oc Cycle #19 - Problem with ICL' 3. ,'o range rate gap. Replaced

board A3709 (Report No. 016)

Run time, 3.42 hours.

Cycle #20 - Problem with ICU #4. Aim dot port limit bad.

Replaced capacitor C3718 (Report No. 017)

Another problem with ICU #4. No "B" sweep. Replaied board

A3724 (Report No. 018).

Run time, 3.75 hours.

B5
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-18 Oct Cycle #21 - No problems encountered with run time of 3.83 hours.

Cycle #22 - Problem with ICU :15. No "B" sweep. Replaced

board A3724 (Report No. 019).

Run time, 3.6 hours.

19 OCL Cycle 623 - Peoblem with I!k s', ;'3, 0ib.

No ACQ symbol. Found 222A generator which supplies pulse

inputs was out. No failure problem wiLh ICUs. Run time,

3.33 hours.

Readjusted '222A pulse generator..

20 Oct Cycle 124 - No problems ei'ountured with run time of 3.17 hot s.

Cycle #25 - Problem with I(Tt I3. Vertic:a1 deflection bad.

Replac-d capacitors (.3718 and (;3719 (Report No. 020).

Failure report Nos 017 and 018 bove been verified as relevant

failures. lest is truncatted .wccordlng to criteria of test

plan after the renth rel -v.uit. failure. '&.st completed,

B6
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1.0 INTRODUCTION

This test plan specifies the reliability demonstration test to be cor,-

ducted on the C-4453/APQ-00 Radar Indicator Control Unit (ICU) as part of

the Rivet Haste II program and the F-4 fire control system Increased

Reliability of Operational Systems (IROS) program. Due to the similariry

between the C-4453 and C-6410/APQ-109 ICUs, and since the proposed modi[i.

cation is the same for both units, only the C-4453 1CU will be tested.

1.2 PURPOSE OF TEST

The purpose of the testing is to establish reliability paramet-r, f c

determining the relative improvement between baseline configured (unmoaofhtd)

C-4' 3 ICUs and ICUs incorporating the modifications outlined in OOP-MA

Service Engineering Report TR-MMER/RM-72-102, Operating the DOD wi!h

Less Money and Less Manpower. Testing of both the unmodified and modified

units will be in accordance with MIL-STD-781B, Test Level E.

1.3 APPLICABLE DOCUMENTS

The following documents, of the exact iesue shown, form a part of

this test plan to the extent specified herein.

MIL-STD-781B Reliability Tests: Exponential Discributiou

Notice 1 dated 15 November 1967

MIL-STD-721B Definitions of Effectiveness Term for RdLia-

bility, Maintainability, Human Factors, And

Safety

Notice 1 dated 10 March 1970

T.O. 12P2-2APQ100-2-4 Field Maintenance Instructions - Radar Ser,

Type AN/APQ-100, Vol. IV (Westinghuuse)-F4C

Change 7, dated February 1, 1972.

C-1
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T. 0 330 12-172-1 Operat .,r ind Scr% It c I ns;t i-u t 101 Wm [ ti 11 1 P1 -k

Indicator and 1ndicdtor (X~lL ccl lst S ~dt ion

P/N 40IR507G0I (Wast inghoubre) (Conf-Gp 3)

Change, dated I June 1969

>YT-710605 -Inspection Test Procedures for Indicator Control

and Semi-Composite of Indicator System for

AN/APQ-100 (Westinghouse)

Revision J, dated 6 Janu.ary 1965

T-712603 Inspection Test Procedure for B-Gun Circuitry

for AN/APQ-100 Indicator Control (Wcsti-nghoiu't.)

Revision H,dated -15 June 1965

1-712602 Inspection Test Procedure ifor A-Gun Circuitry fov

AN/APQ-100 Indicator Control (We~stin~ghouse),

Revision H dated 18 June 1965

1, 1. 1 PRECEDENCE OF POQUtNS

In the case of conflict between requirements of this test pl.4i

and those contained in the applicable documents, the order of precd4,r....

shall be as follows:

a. This Test Plan

b. MIL-STD-781B

c. MIL-STD-72 1B

d. T-7120605

e. T.0, 33D5-12-172-1

f. T-71260-%

g 1-712602

h. T.O. 12P2-2APQ10O-2-4

c-2



TR41?MR/Rl-73-117

2'.0 GENERAL TEST REQUIREMENTrS

2.1 0Ukg T FES PEIZ

Three (3) unmodified (baseline) ICUs and four (4) ICUs incorporatirg

- the proposed modification.

2.2 T

Modified Test Level E of MIL-STD-781B shall be used during the

testing. The conditions of the modified rest level are as follows.

(1) Temperature . . .-34 C to +50 C (-65 F to +131'F)

(2) Temperature Cycling ..... Temperature Cycling s.rall t,

time to stabilize at low temperature, followe~d by ttne

to stabilize at high temperature, plus 2 iours See

Figure I for more detail.

(3) Vibration . . . . 2.2G + 10% peak acceleration value at

.any nonresonant frequency between 20 and 60 Hi measured at

the mounting points on the equipment. The duration of

vibration shall be least 10 minutes during each hour of opiardt-

ing time. See Figure I for fmre detail

(4) Equipment On-Off Cycling ... Equipment off during pottil, :

of cooling cycle from room ambient temper3ti=re .800F) until

stabilized lower temperature limit is reached Equipment

on during heating cycle, plus 2 hours operation at stabilizcd

high temperature limit, plus portion of cooling cycle dowu to

room ambient temperature. See Figure 1 for more detail.

(5) Input Voltage . . . . Nominal specified voltage, +5%

(6) Input Voltage Cycling .... Not required-

C-3
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2. 3 TEST CkIITERlA

'The ac -pt and reject criteria for this test were construcLed

utilizing the statistical properties of Lhc F-distribution. That is, the

times-to-fallure of both the modified and unmodified units Are assumed

to follow a negative exponential probability distribution, which i.s the.

expected distribution based on past history of complex electronic ,,quip-

ment such as the test units. Based on this assumption, Lhc respecti ve

MTBF's a[ the modified and unmodified units will be Chi-Squir, di:uribtILd.

The ratio of two Chi-Square variables, when each J,, divided by it-

associated number of degrees of freedom, is F-distributed. rhert.fore,

it can be shown that the ratio of the MTWN's ot tnie modifi -d and Linmoud-

fied units is F-distributed. The details of this derivation can be

found in OOAMA Service Engineering 'technical Report U'R-MMf./R.,-72-l1O

(to be published).

Utilizing the above theory, critical valu's were determincd foi rh,

combination of relevant failures and operating times on the modificd

and unmodified units required to demonstrate the de.ired improvement.

factor. The critical values for the accept LritOrta are ba.sed on demon-

strating an improvement factor of 3.b or greater for the ICLJ's. The

critical values for the reject criteria are based on demonstrating at)

improvement factor of 3.0 or less for the ICU's. Both the accept ard

reject criteria tre based on a confidence level of 90",.,

The optimum test truncation timL was determined to be one thoIC-.ind

(1000) accumulative operating hours on both the modifed and unmodified

units. This was determined by utilizing the Poisson distribution and

comparing the probability of making an accept/reject decision with test tim-.

C-4
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Based on this time truncation point, the failure tL,.IIcaliun point wa i

9 - etermined to be ten (10) failures on the modified uiit:. Test trun(,-

tion on failures of the unmodified units is not applicable since it depend"

strictly on the number of failures on the modified units.

A summary of the quantitative requirements of the test critvria -

is given in Table I. The accept and reject criteria are gil-n in ribie,

2 and 3 respectively.

TABLE i

SUMMARY OF TEST REQUIREMENtS

Do = Minimum accept impruvement factor 3.6

DI = Maximum reject improvement factor - 3.0

Confidence Level = 90%

Test Truncation 'rime - 1000 operaving hourF (on modifit-d and on

unmodiited unius)

Test Failure Truncation tan failurus on moditid unitii

2.4 TEST CYCLE

The test cycle is depicted in Figure I ind witl con It of the

following.

(1) With the test specimens non-opcrating, tix Lest spccmen

temperatire will be reduced to -65 F and m-intaincd until

specimen stabilization is reached. The .tibilization time i'

derived from the thermal survey.

(2) Following specimen stabilization, the specime.mn will be

switched on and allowed to warm-up for five (5) minutes. TIt'

specimen temperature will then be increased to +1310F.
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() Application of vibration at the 2-2G±+ 10%. level, and at Lte~

frequency determined in the vibration survey, will be applied

to the specimens for ten (10) minutes of each operating hour,

beginning with the first hour of operation.

-(4) When the specimens have reached -0-31 0F, and have stabilized

as determined by the thermal survey, they shall be operated

an additional two (2) hours.

(5) .'alowing the two (2) hour operatng period, Lhe specimemns

will be decreased to +800 Fat which point the Le~sL specimnnL

will be turned off. The specimen temperature will, then be*

0
decreased to -65 F for starL of the next cycle.
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3.0 TEST CONFIGURATION AND PR EDUR-ES

3.1 TEST LOCATION/EQUIPMENT

The test will be conducted by OOAMA/MMETAW in building S-882 at

Hill Air Force Base, Utah. The reliability tet t:V.mber to be used is a

Thermotron model F-144-CHV-25-25-25-25 incorporating -a model 211 Marshal!

vibration unit.

3.2 TEST SPECIMENS AND INSTALTION

The test specimens consist of fou~r (4) modified aid t:hree (3)

unmodified ICUs. Three modified and three unmodified specimens will be

mounted on a vibration table, in a temperature chambtr, i..:luding 'II

mechanical and electrical connections required to opcrate.;nionitor the

specimens. The specimens will be mounted on the vibration tablvL such

that ore of the modified and unmodified units is criented ii, each of

three rectangular axes (see Figure 2). No external enviroimenral

air shall be generated to the test specimens dtiring the trr't.

3.3 TEST PROCEDURES

The following procedures shall be utilized to monitor the teSL

specimens during the "on-time" portion of the tu.st cyc.s. The complttu

procedure shall be accomplished at least once during each fifteen (15)

minutes of equipment "on-time". Each ICI shall be Lhecked by setting

switch positions on th control consoles and verifying that the SYmb.--

displayed on the radar indicators are within the specifications shown

on the indicator scope overlays and verified on the test check-off sheet.

The time when each check is accomplished shall be recorded. These procedures

are in accordance with applicable technical orders and test specificatiors

and have been approved by OOAMA/MMETAW, iMMEEA, and MERR.
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(I) Power Application

a. Powvr Cart ON

b Power Supplies ON

c. Master Switch - ON

d. Input Supplies Verify Volt-,ges

e. indicator Switch ON

f. Delay Switch ON atfter 30 secL.

g. ICU Power ON

h. I'U Signal ON

i0 ICO Selector Verify nor-t.l diqplay on all ix

positions (Iravk on j.bt)

(2) Mode Switching Panel

a. AI RI)R, MAP-B, BST - ON

b. BIT #3 - ON

c. 25 Mile - ON

d, Acquisition - ON

e. Range Lock - ON

f. Track Display - ON

(3) Verify that symbols are within tolei in(e;Cs olt lied on

overlay 41 and check on tet check-off e.t.: t,

(4) Verify that symbols are within tolerance a- othL.ed ou

overlay #2 and check on test check-off t..-,eet.

(5) Set Mode Switching Pancl to e9ch r-ir.ge Sftting and verity

range switching results per test check-oft sheet,

(6) Set Mode Switching Panel on edch of the following positionf

and verify results per test check-oif sheet.

C-11
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a. STAB OUT

I b, BREAK X

EX PANDED SWEEPI()Rotate the ICU Selector through the remaining five posttb'm :

aAidrepeat steps (3) through (6) for- uch vf the ICL's.

C- 12
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4.0 TWVF.RI/VI RATLON SURVEY

A thermal survey shall be made of the equipment to be tested,

S.......-.under test level temperature cycling prior to the initiation of test r.g.

-The purpose of this survey is to identify the component of greatest ther.

mal inertia and to establish the time temperature relationship between

-- it and the chamber air. This relationship shall be ufed to determine

the thermal stabilization of the equipment during the test- The lower

test level temperature stabilization takes place when the temperatuxe

of the point of maximum thermal inertia is within 2 C of the lower test

level temperature and its "a:. of change is lees than 20C/bour. Upper

test level temperature stabtiztion takes place when tOe rate of ch-r.e

of the point of maximum the).inel inertia at the upper temperature limit

is less than 2 C/hour. The techniques and results of the therrhl

survey shall be described b M METAW and submitted to M ERK 'lh tt:.

shall be run according to t!; approved procedures. Temptr tLot. or rc

hoating-cooling air shall 'e recorded continuously during both -ursy ,nd

testing.

4.2 VIBRATION SV Z

A vibration sarvey shall be conducted over the frequency rang, of

20 to 60 Hz. A nonresonant frequency selected in this range will be

used in performing vibration during the Reliability Te~t. A strobe

light will be used to verify that resonant modes are not present The

techniques and results of the vibration survey shall be described by

MMTAW and submitted to MMERR.

C-13
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5.0 TEST DAT REORIN

51 TEST INSTRUtENTATIOti BZOUIRE~dNTS

- Provisions aball be made to determine that the test spei.imen in-

-- --- Puts are within tolerances (see paragraph 2.2(b)) and that th.- sp(-cimtn

outputs are within limits as.-specified in the applicable docume-nts.

Ihe chamber temperature shall be monitored and recorded continuous.ly durig_

the test.

5.1.1 INPUT REQUIREME~NTS

The following inputs are required for edoh spezimen on ttcsr.

(1) Phasie A, B, and C power.

(2) B+ DC power,

(3) 28VDC power.

(4) A-Gun inputs

5.1.2 EUU NT

The following outputs will be monitored for each spe .imen on L--.

(1) Range Rate Circle

(2) ASE Circle.

(3) Aim dot.

(4) Horizon Line:

(5) Elevation Strobe

(6) Maximum Range Strobe

(7) Minimum Range Strobe

(8) B Sweep

(9) Acquisition Symbol

(10) Range Rate Gap

C- 15
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5 rati3.2 ENGINE G TE:T L lOG o l e o r l

-nOperational Information Log shall be maintained during all

-- time readings, operating time, accumulated time and signature of observer.

'Remarks shall be included which record significant events or notes applicIble

to the periods of operation. Figure 3 is the Engineering Test ProjecL Log

-that will be used.

5.3 FAILURE REPORTING

Whenever a discrepancy occurs, a failure report shali bc initiat'tc

to record the event and describe the discrepancy. A failirL :IIai'Si 'L rt

shall be initiated following analysis and ultimate resolution of L1h

problem. Figures 4 and 5, respectively, Are the item kailur and Failur,

Analysis Reports.

5.4 FAILURE CRITERIA

During this reliability test, the failure criteria of MIL-Sh>-72/S

as clarified/amplified in this test plan shall apply, A f.±Ulure i6 dtii,. d

as any catastrophic eessation of function in any parL of t1- test Spvi' immen-

or any degradation such that the related performaee cannou be- mai1VaiTLed

within the specified tolerances.

5.4.1 RELEVANT FAILURE CRITERIA

A relevant failure is any verified failure, as defined ibove, thatL 4
cannot be classified as a nonrelevant failure in accordance with th(. crjt-ri4

of paragraph 5.4.2.

in the event that a discrepancy is noted for which there is no set 
failure

criteria, that discrepancy will be recorded in the test log along with

C-16
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EWIMERIWG TEST PROJECT LOG PACK of AE

1. AYR ra T 2 10MEIH TB

TI9COMMEW13/ACTION tt L

a

FIGURE 3: ENIERN0ETPOETLG.
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... .: :: '1. Report Nun*e
ITEM FA ILURE REPORT

2. Failed Part Name 3. Failed P/N 4. Serial No. 5. Mfgr.

6. MOD No. 7. Appl. TCTO/ECP 8. Project No.

9. Next Higher Ansy 10. NHA P/N 11. NHA S/N 12. Mfgr.

13. System 14. System S/N 15. Model 16. Follow-up Rpt No.

17. Failure Discovered During (Check) 18. Test Location 19. Test Plan
o Thermal Survey
3 Vibration Survey
o Repair Verif.
o Reliability Demo.
o Other

20. FAILURE DESCRIPTION, PRELIMINARY DIAGNOSIS, TEST CONDITIONS

21. Cause of Failure or Stress(Check) 22. Dispoition 23. Operating Time
o Assembly 0 Workmanship
o Part 0 Design 24. Fall Date 25. Time
0 Mxra 0 Other

6. 27. 28. Reported By 29.
I I Page.- Of- ]FIGURE 4: ITEM FAILURE REPORT
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1. Report Numb~er
FAILURE ANALYSES REPORT

2. FailedPart Name_ 3. Failed P/IN 4. Serial No. 5. Failure Dante

6. MOD No. 7. Mfgr 8. Fallurv Rp~t No.

9. Next Higher Aasy 10. NIIA P/N 11. NHA B/N 12. Project No.

13. System 14. System B/N 15. Model 16. NIIA Mvfgr

17. Cause of Failure (Check) 16. Stress Causing Damage (Check)
o: Assembly 0 Other 0 Electrical C) Other
0 Part 03 Mechanical Io Material 03 Pressure
o Test Equip 03 Temperature

0 Wormansip 0 Humaidity
C3__Design C Overload

19. DESCRIPTION OF FAILURE

20. ANALYSES OF FAILURE

21. CORRECTiVE ACTION

22. Analyzed By 123. Do" 124.-

ww_- - - _ a - A- A 9WtI
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related information and corrective actions required. MM1TAW, KI4EEA, ard

jMRR personnel will then review the test log data and determLne wheth.c.

the discrepancy should be classified as a relevant or nonrelevant faillure.

5.4.2 NON RELEVANT FAILURE CRITERIA

A failure of a test specimen caused by a condition external LO the

system under test which is not a test requirement and not encountered in

actual service shall be classified as nonrelevant, Thc follow.ng li6t itfMi7e,

causes of failures which shall Te classified nonrelevant. Nonrelevit filur.-

shall not be used for the establishment of the formal ac-ept/reJecL dc1.Lit....

(1) Failures caused by human error of test personnel (e.g.

positioning of switch incorrectly during test).

(2) Failures caused by malfunctions of test equipm;t Ot thQ

test facility.

(3) Failures of any interconnecting it.m, suLh a -.sLr ing

harnesses used in testing, which ik not a part or orr-ponP.,,

of normal equipment configuration in service aptlicit iocs.

(4) Failures which occur as a result of operation of the eql~tpr,,-( -

in excess of specification liflits, such is the applic.itioo

of excessive external voltages, lohds, .Aci,.eietrution, And

shock.

(5) A non-recurring phantom failure is indLcitt-d o1, tE,-t munito, ii

equipment which c&nnot be subsequerntly veriibtJ.

(6) Failures of the indicator lights and fuses.

(7) Failures occurring in the specimenr during [Ault ioltiLuon,

- provided the time of operation of the equipment is not couned.

C-20
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(8) Failures occurring during the repair ve~TtIcation porLion ol

-~the tesL cycle after reinstttevt into the 0 ibt.r. The t imu ol

- opeatingduring this period shall cnr~'t oteLti

-. only if a failure does not occur.- --

C-21
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6.0 TEST o J YvES AN EVALUAT 1o

-. .. 6.1 ~ !STOBJECTIVES

The primary test objectives are:

(1) Verify the reliability improvement factor for the proposed -i

... .. ..- - m od ifica t ion s ...- . -
(2) IVetbrmine a reliability baseline, under the corditions of LhIS

test plan, for the modified and unmodified ICUq.

6.2 EVALUATION CRITERIA

The evaluation criteria viii be as follows:

(I) The determination of the outcome of paragraph 6.1:1) above will

be in accordance with paragraph 2.3 of this tvt plan.

(2) rhe determination of the values associated with pArigraph 6.1(2)

above will be accomplished using the Chi-bquare disLribuLion

for confidence. -A

j C-22
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7.0 RELIABILITY TEST REPORT

7.1 TEST REPORT PREPAIATION

The results of the reliability tvt conducted on the C-4453 IndLtjt,)t

--Control Unit will be contained in a final test report comptlhd by MIRR.

.7.2 -TMT RLEPLORT CONT&NTS

The test of the final report will contain the followib, inforMnAt Lor

. . . . .. . -Test objectives

b. Brief statement of tests conducted in support of tf.t objett,

c. Test configuration, including equipment, f-1ttL~S artd pit, td' -

d. Brief statement of test results

e. Test evaluation

f. Problems encountered

g. Recommendations/conclusions

h. Test data (graphs, charts, tabutatiuo)

C-23
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